INTRODUCTION
Sentinel lymph node biopsy (SLNB) has reduced, but not eliminated, surgical complications in those patients who avoid axillary lymph node dissection (ALND). The incidence of lymphedema after ALND has ranged from 6% to 30% [1] [2] [3] . However, recent short term studies demonstrated that lymphedema develops in 2-7% of patients with SLNB alone [4] [5] [6] .
Recently, two articles regarding the preservation of arm nodes in breast cancer patients during ALND or SLNB were published. Both authors concluded that the axillary reverse mapping (ARM) technique is feasible and the detection rate of blue lymphatics and/or nodes is 61-71% [7, 8] .
The ARM procedure is based on the hypothesis that the lymphatics from the arm are not involved in metastasis of breast cancer. However, several recent articles reported that the sentinel node was the same as the arm node in a small number of patients [9, 10] . Another problem is that the identification rate of the arm node by blue dye is relatively low compared to the identification rate of the sentinel lymph node (SLN) [7, 8] . The last issue is that the arm node may be involved with metastatic foci in patients with axillary lymph node metastasis [10, 11] .
In our preliminary study, we confirmed that the arm node can be involved in metastasis from breast cancer through the common lymphatic channel; however, in non-concordant cases, the arm node can be safely preserved except for patients with high N stage [10] . But the location of the arm node and the practical efficacy after arm node preserving surgery remained uncertain.
The Efficacy of Arm Node Preserving Surgery Using Axillary Reverse Mapping for Preventing Lymphedema in Patients with Breast Cancer
Purpose: The axillary reverse mapping (ARM) technique to identify and preserve arm nodes during sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND) was developed to prevent lymphedema. The purpose of this study was to investigate the location and metastatic rate of the arm node, and to evaluate the short term incidence of lymphedema after arm node preserving surgery. Methods: From January 2009 to October 2010, 97 breast cancer patients who underwent ARM were included. Blue-dye (2.5 mL) was injected into the ipsilateral upper-inner arm. At least 20 minutes after injection, SLNB or ALND was performed and blue-stained arm nodes and/or lymphatics were identified. Patients were divided into two groups, an arm node preserved group (70 patients had ALND, 10 patients had SLNB) and an unpreserved group (13 patients had ALND, 4 patients had SLNB). The difference in arm circumference between preoperative and postoperative time points was checked in both groups. Results: The mean number of identified blue stained arm nodes was 1.4± 0.6. In the majority of patients (92%), arm nodes were located between the lower level of the axillary vein and just below the second intercostobrachial nerve. In the arm node unpreserved group, 2 patients had metastasis in their arm node. Among ALND patients, in the arm node preserved group, the difference in arm circumference between preoperative and postoperative time points in ipsilateral and contralateral arms was 0.27 cm and 0.07 cm, respectively, whereas it was 0.47 cm and -0.03 cm in the unpreserved group; one case of lymphedema was found after 6 months. No difference was found between arm node preserved and unpreserved group among SLNB patients. Conclusion: Arm node preserving was possible in all breast cancer patients with identifiable arm nodes, during ALND or SLNB, except for those with high surgical N stage, and lymphedema did not develop in patients with arm node preserving surgery.
The aim of this study was to investigate the location of the arm node and the metastatic rate of the arm node, and to evaluate the short term incidence of lymphedema after arm node preserving surgery.
METHODS

Patients
From January 2009 to October 2010, a study was performed using ARM with combined isotope and blue dye identification at Yeungnam University Hospital. If a metastatic sentinel node was identified, ALND was performed. During this period, in the first 3 months, patients who received SLNB only or ALND followed by SLNB were included. Thereafter, patients who received ALND followed by SLNB were included. Patients whose arm nodes were not identified and who had bilateral breast cancer were excluded. Therefore, a total of 97 patients with clinically determined N0-N2 breast cancers were included.
SLNB procedure
For SLNB procedures, patients were injected with 0. Tc-phytate diluted with 0.1-0.2 mL of normal saline at the subareolar plexus, 30 minutes to 3 hours prior to surgery. After injection, lymphangiography was performed to identify the number and the location of SLNs. Before incision, radioactivity counts of the injection site, axilla and background were recorded using a hand-held gamma probe (Neoprobe, Dublin, USA) and hot SLN were defined by radioactivity > 10% higher than background.
Axillary reverse mapping
After general anesthesia, 2.5-3.0 mL of blue dye (methyleneblue) was injected subcutaneously in the medial intermuscular groove of the ipsilateral upper arm using a 22-gauge injection needle. After injection, the arm was elevated above the heart level and massaged for 5 minutes to facilitate lymphatic drainage. After at least 20 minutes, SLNB or ALND was performed in the usual manner. We noted blue nodes and/or blue lymphatics during dissection through the axillary fascia. To find the arm node, the first important step was the identification of the second intercostobrachial nerve (Figure 1) .
When an arm node looked suspicious for metastasis because of its size or hardness, it was concordant with the SLN, or it was juxtaposed to a SLN that could not be separated from the SLN, the arm node was removed. When the decision as to whether to preserve the arm node or not was difficult, fine needle aspiration or frozen biopsy of a partial resection of the suspicious arm node was performed. Cross-over meant that the SLN and the arm lymph node have common lymphatic channels.
Arm circumference measurement
Arm circumference was measured at 10 cm proximal to the medial epicondyle before surgery and every 3 months after surgery. We did a comparison between arm circumference change at the last follow-up point of the ipsilateral upper-extremity and contralateral upper-extremity circumference in each group. A comparison between arm circumference in the ipsilateral upper-extremity of the arm node preserved group and unpreserved group was made, too. These changes in ipsilateral upperextremity circumference, corrected for any change in the contralateral upper-extremity, were calculated using the following formula, which was introduced by McLaughlin et al. [12] . We defined lymphedema as measurement changes of > 2 cm during the follow-up period.
Pathologic measurement of the arm node or SLN
Resected hot or blue lymph nodes that were > 5 mm in size were sectioned at 2-mm intervals along the long axis, and those nodes < 5 mm in size were sectioned at the largest diameter. Routine hematoxylin and eosin staining was done. The diagnostic criterion for lymph node metastasis was a cluster of > 0.2 mm in size in the lymph node according to the 6th American Joint Committee on Cancer.
Data collection and analysis
Data on arm circumference of the ipsilateral upper arm, the location of the arm node, the crossover rate of the arm node, and the metastatic rate of the arm node were collected from all patients. All analyses were done in SPSS for Windows version 17.0 (SPSS Inc., Chicago, USA). The effect of arm node preserving surgery on lymphedema was analyzed by paired t-test (in a comparison between arm circumference changes at the last follow-up point of the ipsilateral upper-extremity and contralateral upper-extremity circumference in each group) and by an independent t-test (in a comparison between arm circumference in the ipsilateral upper-extremity of the arm node preserved group and unpreserved group). A p-value < 0.05 was considered significant. . SLNB was done in all patients and ALND was done in 83 patients (85.6%). Stained arm lymph nodes were removed in 17 patients (17.5%): 4 patients in the SLNB only group and 13 patients in the ALND group. There were no significant differences in the mean tumor size, N stage, operative procedure, the number of removed lymph nodes, or follow-up periods between the arm lymph node preserved group and the unpreserved group (Table 1) .
RESULTS
Clinicopathologic characteristics of patients
Axillary reverse mapping
The mean number of identified blue stained arm nodes was 1.4± 0.6 (range, 1-4). Average time to detection for arm nodes was 19.2± 13.5 minutes. The location of the arm node was the inferolateral side of axillary and thoracodorsal vessels in 57 patients (58.76%), the inferomedial side in 37 patients (38.14%), the superolateral side in 2 patients (2.06%), and the superomedial side in 1 patient (1.04%) (Table 2, Figure 2 ). Arm nodes were located between the lower level of the axillary vein and just below the second intercostobrachial nerve in the majority of our patients (92%). Metastatic arm nodes were found in inferomedial and inferolateral sides, and the arm node of the patient who developed lymphedema was found in the inferomedial side ( Table 2) . Among ALND patients, a stained arm lymph node was preserved in 70 patients and removed in 13 patients. Among SLNB only patients, a stained arm lymph node was preserved in 10 patients and removed in 4 patients. Seven patients had high radioactivity in the blue arm lymph node, so a cross-over node was identified in 7 of 97 cases (7.2%). Arm nodes were removed in 17 patients because of adhesion with SLNs (1 case), grossly enlarged arm nodes (5 cases), high surgical N stage (4 cases), and common lymphatic channel (7 cases). Two patients had metastasis in the arm node. The first patient had a common lymphatic channel between the arm node and the SLN. She had stage IIIA (T3, N2, M0) breast cancer; the histologic grade was 3 with lymphatic invasions and triple negative markers (estrogen receptor [ER] negative, progesterone receptor [PR] negative, human epidermal growth factor 2 [HER2] negative). The metastatic arm node of the second patient was not a common lymphatic channel, but rather an extranodal extension with N3 metastasis. She had stage IIIC (T1, N3, M0); the histologic grade was 3 with lymphovascular invasion, and markers for ER, PR, and HER2 were all negative. The arm node of this patient was removed and she had lymphedema after 6 months.
Changes in arm circumference
The mean follow-up period was 9.6± 4.3 months (range, 3-24 months): 8.8 months in the ALND group and 13.7 months in the SLNB only group. When comparing between arm circumference changes at the last follow-up point of the ipsilateral upper-extremity and the contralateral upper-extremity circumference, among the ALND group, the change in arm circumference of the ipsilateral upper-extremity after surgery was 0.27 ± 1.19 cm in the arm lymph node preserved group and 0.47± 0.85 cm in the unpreserved group. In the SLNB only group, the change in arm circumference after surgery was 0.21 ± 1.31 cm in the arm lymph node preserved group and 0.20 ± 0.46 cm in the unpreserved group (Table 3) . When comparing between arm circumferences in ipsilateral upperextremity of the arm node preserved group and unpreserved group, in the SLNB group and ALND group, there was no significant difference. But in the ALND group, the arm circumference changes of the arm node unpreserved group were bigger than that of the preserved group (0.51± 1.07 vs. 0.20± 0.83, p= 0.081) ( Table 4 ). There were no lymphedema cases among the arm node preserved cases (70 cases), but one lymphedema developed in the unpreserved cases (7.7%), as stated above.
DISCUSSION
The ARM procedure was first introduced by Thompson et al. [7] and Nos et al. [8] in attempts to identify a separate drainage pathway of arm lymphatics from the sentinel lymphatic pathway to reduce the incidence of lymphedema by preserving the arm lymphatic pathways. The technique of arm node pres- ervation was based on the concept that the arm lymphatic pathway does not communicate with the sentinel lymphatic pathway. Since then, various reports have been introduced [8, 11, [13] [14] [15] [16] , but there are some key issues that need to be resolved in arm node preservation. First, the rate of arm node identification by blue dye staining is somewhat insufficient. Second, there are reports of metastasis in arm lymph nodes or in the lymphatic pathway. This raises problems regarding the safety of arm node preservation surgery. Third, common lymphatic channels are found between SLNs and arm lymph nodes. When a common channel exists, even SLNB can cause lymphedema. Fourth, the stained blue arm node may be juxtaposed to the metastatic lymph node, which could result in direct invasion of the carcinoma and make it difficult to save the arm node.
With the use of blue dye in arm lymph node detection, the detection rate has been 61-78.3% [7, 8, 13, [16] [17] [18] . This low detection rate is associated with a short interval between dye injection and surgery, and a deeper location of the arm node than the SLN, which makes it hard to identify the arm node in the surgical field, and a lower detection rate of blue dye compared with radioisotope. In recent reports, the use of radioisotopes or fluorescence has increased the detection rate to 88-100% [9, 11, 14] .
In our preliminary study, the identification rate of arm nodes was 78%. In this study, the identification rate of arm nodes was not included in the original design of this study and not investigated because of the possibility of causing lymphatic injury by dissection beyond the SLNB field while searching for the arm node. We included only patients whose arm node was identified. Therefore, patients who had ALND were more frequently included than those who had only SLNB. Average time to detection for the arm node was 19.2 ± 13.5 minutes. During the operation, about 10 minutes after blue dye injection, we could find hardly any blue-stained arm nodes. When injected intravenously, the plasma half-life of methylene-blue dye has been reported as 5-6.5 hours [19, 20] . However, the pharmacokinetics of methylene-blue dye in the lymphatic system and lymph nodes has not been well studied. In our study, although time to detection for the arm node was > 40 minutes in some cases, it did not seem to affect washing out of blue dye. Further studies are needed for determination of optimal time to detection of arm nodes.
Metastasis of the arm node develops in 0-43% of patients [7, 10, 11, 13, 14] . Thompson et al. [7] and Nos et al. [8] reported that none of the arm nodes contained metastasis in the initial study. Later, Nos et al. [11] reported that ARM nodes showed metastatic involvement in 3 of 21 patients with N1-3 (14%). Similarly, in a study by Noguchi et al. [14] , the metastatic rate for arm nodes was 3 of 7 patients (43%) with a clinically positive node or positive SLN, and all were pN3. According to the study of Bedrosian et al. [13] , the metastatic rate of arm nodes was 18%, including patients who received neoadjuvant chemotherapy. When we summarized these results, arm node preserving surgery was contraindicated in patients who had a high N stage (N3).
In our study, two patients had metastasis in arm lymph nodes. Possible explanations for such metastasis in an arm lymph node are a common lymphatic pathway, lymphatic interconnections or direct invasion from juxtaposed sites of metastasis. So, locally advanced breast cancer and N3 lymphatic invasion should be contraindications for ARM and arm node preserving procedures. In our cases, one patient had a common lymphatic pathway and the other patient had extensive nodal metastasis with N3 disease without common lymphatic pathways, suggesting direct invasion or lymphatic interconnections from metastatic nodes.
In a recent article, the cross-over rate was 2.8-21%, depending on the methods, and included patients' characteristics [9, 10, 14, 18] . Indeed, if a cross-over node was identified among SLNs, their preservation could be impossible. So when a crossover node is removed at SLNB, lymphedema could occur even after SLNB. In our study, the cross-over rate between arm and SLNs was 7.2%; a few previous reports have identified crossover rates of 13.3% and 18.9% [9, 10] .
All arm nodes cannot be preserved. When a surgeon suspects that the arm node may involve metastasis in an operation field, preservation of the arm nodes mainly depends on the surgeon's experience. So we used fine needle aspiration or frozen biopsy of partial resection of suspicious arm nodes during the operation. The number of patients from whom arm nodes were removed was 17; 7 patients had common lymphatic pathways with SLNs, 4 patients had grossly enlarged arm nodes, 4 patients had high surgical N stage, 1 patient had adhesions with a SLN, and 1 patient had a metastatic arm node on frozen biopsy.
Boneti et al. [21] demonstrated 5 anatomic variations in arm drainage including the traditional teaching of lymphatics from the arm running juxtaposed to the axillary vein either above or below, slung low in the axilla, lateral apron, or medial apron (lateral and medial aprons usual consist of multiple blue nodes), or an entwined cord of lymphatics. The arm node was localized in the lateral pillar of the axilla, and it was always found above or at the level of the second intercostobrachial nerve [11] . In our study, 97% of nodes were located between the lower level of the axillary vein and the second intercostobrachial nerve. To identify the arm node, an important landmark in the operative field is the axillary vein and the second inter-costobrachial nerve. The metastatic arm nodes were found in the inferomedial and inferolateral sides, one by each side, and the arm node of the patient who developed lymphedema was found in the inferomedial side. If more patients were included, statistical analysis would be possible, and the relationship between the location and metastasis of arm nodes would be identified.
Boneti et al. [18] reported that there were no cases of lymphedema in those who had an arm node preserved at 6 months follow-up. In 51 patients with arm node preserving surgery, the incidence of lymphedema in those who had an arm node resected was 2 of 15 patients (13%). Casabona et al. [16] similarly reported that there was no lymphedema at 9 months follow-up in 72 patients with arm node preserving surgery. In our study, average follow-up periods were 9.4 months. Of course, in the arm node preserved group, there was no lymphedema.
For assessment of lymphedema, there are many methods such as measurement of arm circumference, water displacement, self-assessment, bioimpedance spectroscopy and perometry [12, [22] [23] [24] [25] [26] . Measurement of arm circumference, used in our study, is simple and inexpensive, so it is routinely used in many studies as the method. In the ALND group, the absolute change in arm circumference before and after the operation was 0.27 ± 1.19 cm in the arm lymph node preserved group and 0.47 ± 0.85 cm in the unpreserved group; the difference was not statistically significant. However, the arm lymph node preserved group showed a tendency towards less change in arm circumference than the unpreserved group. When making comparisons between arm circumferences in the ipsilateral upperextremity of the arm node preserved group and unpreserved group, according to the formula introduced by McLaughlin et al. [12] , there was no significant difference. But in the ALND group, the arm circumferences changes of the arm node unpreserved group were bigger than the preserved group (0.51± 1.07 vs. 0.20± 0.83, p= 0.081). There were no cases of lymphedema in 70 patients in whom the arm node was preserved during ALND, but there was 1 case of lymphedema in 13 patients in whom the arm node was resected during ALND. To verify the efficacy of arm lymph node preservation in preventing lymphedema, more patients should be included and longer follow-up periods are needed. We defined lymphedema as a measurement change of > 2 cm during the follow-up period, but, self-assessed symptoms are also important. Although measurement change was less than 2 cm, if the patient feels discomforts, she may have lymphedema. In a future study, we should check patient's subjective symptoms. There was no significant change in arm circumference in the SLNB only group, and it was difficult to determine the efficacy of arm lymph node preservation because of the small number of patients. There was no axillary recurrence during the follow-up period in patients who underwent arm node preserving surgery. But, oncologic safety should be observed, always. Further studies about actual regional recurrence in preserved arm nodes are needed. In practical terms, arm node preserving surgery gives no advantage to patients with a cross-over node or N0, but does benefit patients with N1 and N2. Standard SLNB is not indicated in patients with N1 or N2, but SLNB should be done to preserve the arm nodes in these patients.
In conclusion, arm node preserving surgery may prevent lymphedema in SLNB and/or ALND in patients with clinically determined N1 or N2 breast cancer.
